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RECEIVED 

CENTRAL FAX CENTER 

DEC 0 h 2008 

IN THE UNI TED STATES PAT EN T A N D TR ADEMARK fWF T ra 



In re: Application of Naoko SAWATARI, Masato OKABE and Hideo HAMA 
Serial No.: 10/587 7 0€9 
Filed: July 21, 2006 
For: LIQUID CRYSTAL DISPALY 

PECI^ARATTON UNDER 37 CFR 1 1 39 
Honorable Co mm iss io ner of Patents and Trademarks, 
P. O. Box 1450, Alexandria, VA 22313-1450 

Sirs: 

I, Naoko SAWATARI, a Japanese citizen, residing at do DAI NIPPON PRINTING 
CO., LTD., 1-1, Ichigaya-kagacho 1-chome, Shinjuku-ku, Tbkyo 1628001, Japan, hereby 
declare and state that I am one of the inventing members of the inventions disclosed in the 
above-entitled patent application. 

I declare that I graduated from Department of Applied Chemistry, Graduate School 
of Engineering, Kansai University in March 2003 and that I have been employed by DAI 
NIPPON PRINTING CO., LTD. (assignee of the present application) from 2003 and I am now 
engage in AD Research Laboratory, Research & Development Center. 

I also declare that I have read all of the documents concerning the above-entitled 
patent application, and am ^miliar with the contents of the present inventions in this 
application. 

I further declare that the following experiment was conducted by myself and that 
the result of the experiment is all true and correct to the best of my own knowledge. 



1 



PACE 3/34 • RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time) " SVR:USPTO-EFXRF-5/22 " DNIS:2738300 " CSID:312 427 6663 " DURATION (mm-ss):04-56 



12/04/2008 16:35 FAX 312 427 6663 



LADAS & PARRY LLP 



E10004/0034 



(Experiment] 

Experiment was conducted in accordance with the following items. 

1. Object of Experiment 

2. Experiment 

3. Evaluation 

4. Conclusion 

1. Object of Experiment 

Experiment was conducted regarding inventions described in amended claims of 
U.S. Patent Application Serial No. 10/587,069 (hereinafter, the present application). The 
experiment was conducted to show, when the constituent material of the respective photo 
alignment layer has a different composition from each other, effects of suppressing the 
generation of double domains can be obtained so that mono-domain alignment of the 
ferroelectric liquid crystal can be obtained- More specifically, in liquid crystal display 
comprising a ferroelectric liquid crystal having no smectic A phase in a phase series thereof 
displayed condition was examined in each case: the constituent material of the respective 
photo alignment layer has a different composition from each other; and the constituent 
material of the respective photo alignment layer has the same composition. 

2. Experiment 

Two glass substrates each coated with ITO were cleaned, and an alignment layer 
was formed on each of the two substrates. 

Using the following compounds A-D and polyimide "RN1199" produced by NISSAN 
CHEMICAL INDUSTRIES, LTD., the alignment layers were formed as follows. 
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When using the compounds A-D, a 2% by weight solution of one of the compounds 
A-D dissolved in a cyclopentanone was spin coated on each glass substrate coated with ITO 
by the 4,000 rpm rotational frequency for 30 seconds. The substrate spin-coated was dried 
at 180°C in an oven for 10 minutes, and then polarized ultraviolet rays were radiated onto 
the substrate at 100 mJ/cm 2 from an angle of 30° to the substrate face at 25°C. 

When using "RN1199", except that the "RN1199" was exposed by a 10 J/cm 2 
polarized ultraviolet ray, they were spin coated and dried under the above-mentioned 
conditions. 

Spacers of 1.5 jim size were sprayed onto one of the substrates, and a sealing 
material was applied onto the other substrate with a seal dispenser. 

The substrates were arranged face to face and in parallel to the radiation direction 
of the polarized ultraviolet rays, and then, thermally assembled. Thus, test cells of one inch 
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were produced. 

As the ferroelectric liquid crystal, an "R2301" (manuiactured by Clariant (Japan) 
K.K.) was used. The liquid crystal was attached to the upper of an injecting port thereof 
and an oven was used to perform the injection of the Liquid crystal at a temperature higher by 
10 to 20°C than the phase transition temperature between nematdc and isotropic p has es. 
The temperature was slowly returned to room temperature. 

-Configuration of the Cells- 

| 

Alignment layer 1 + \ 



Alignment layer 2 *\ 

i 



i 



Substrate 1 
ITO 

spacer 
Substrate 2 



The experiment was conducted for the following combinations of the alignment 



layers using compounds A-D and "KN1199". 
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3. Evaluation 

Aluminum electrodes were connected to the produced test cells, and the cells were 
sandwiched between polarizing plate. The alignment condition was observed under crossed 
nicols. As shown below, the voltage (5V) was applied to the aluminum electrodes and the 
photographs were taken. 
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Evaluation of Double Domain defect 

Picture of test cell 



Double domain 



Mono domain 




The photographs taken for Examples 1-6 and Comparative Examples 1-4 are 

attached. 

For those cells where both upper and lower alignment layers are constituted of the 
same material, double domain (display of black and white stripes) occurred. On the other 
hand, for those cells where upper and lower alignment layers are constituted of different 
materials from each other, mono domain alignment (display of black only) was obtained. 

4. Conclusion 

From the above described results of this experiment, in liquid crystal display 
comprising a ferroelectric liquid crystal having no smectic A phase in a phase series thereof; it 
is proved that mono domain alignment is obtained when the constituent material of the 
respective photo alignment layer has a different composition from each other. 
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I further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Dated this 1 st day of December; 2008 



Naoko SAWATAKI 
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Experimental Data 
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1 . In relation to Prior Art 

Electric Field Induced Technique 

1) US 2006/0244895 Al (assignee of the application whose priority is claimed: 
Fujitsu Limited) 

2) US 6,6 14,491 B2 (assignee: Tbshiba Corporation) 

3) US 2004/0119931 Al (assignee: LG. Philips LCD Co., Ltd.) 

The electric field induced technique, which uses DC voltage during cooling 
process, is described, for example, in the above-mentioned references. Since assignees 
of these references differ from each other, it is obvious that, when the present 
application was filed, the electric field induced technique was a well-known method to 
resolve double domain issues. 

Recognizing the problems concerning the electric field induced technique, these 
references are just improving the electric field induced technique. Thus, it is easily 
deduced that, when the present application was filed, there was no alternate practical 
means to resolve double domain issues other than the electric field induced technique. 

Shown below are descriptions, found in the above-mentioned references, 
concerning the electric field induced technique and a ferroelectric liquid crystal having 
no smectic A phase in a phase series thereo£ 

•> 

1) US 2006/0244895 Al 
Claim 1 

Paragraph 0010 and 0012 

In paragraph 0010 of this reference, "the average molecular axis LCMA can 
have two states of different directions'' means the same as "double domain" in the 
specification of the present application. 

2) US 6,614,491 B2 
Claims 1 and 11 
Column 1, lines 43~62 

3) US 2004/0119931 Al 
Claims 1-7 

Fig. 3 
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Paragraph 00 14- 00 17 

In Fig. 3 of this reference, "BISTABLE" means the same as "double domain" in 
the specification of the present application, and "MONOSTABLE" means the same as 
"mono domain" in the specification of the present application. 

In this reference, terms are used in different ways from the specification of the 
present application. 

2. Comparison between Present Invention and Above References 

The electric field induced technique method has problems that the alignment of 
the liquid crystal is disturbed, when the temperature thereof is raised again to a 
temperature not lower than the phase transition temperature, unless the electric field 
induced technique is carried out again. Also, there is a problem that the alignment is 
disturbed in regions where no electric field acts between pixel electrodes. 

The present invention aims to provide a means to resolve the double domain 
issues without using the electric field induced technique. In other words, the present 
invention aims to provide liquid crystal displays which can give mono domain 
alignment and which are excellent in alignment stability so that the alignment thereof 
can be maintained even if the temperature of the liquid crystal is raised to the phase 
transition point or higher. 

Not by using the electric field induced technique, the present inventors have 
found out that alignment defects of double domain, that are peculiar to a ferroelectric 
liquid crystal having no smectic A phase in a phase series thereof can be suppressed 
and mono domain alignment can be obtained. That is, aside from the electric field 
induced technique, the present inventors have found a new way of obtaining mono 
domain alignment of the ferroelectric liquid crystal having no smectic A phase in a 
phase series thereof! 

In the present invention, a photo alignment layer is provided on each opposite 
faces of upper and lower substrates and the photo alignment layers are made of 
materials different from each other. Thereby, generation of alignment defects such as 
double domain is restricted and mono-domain alignment of the ferroelectric liquid 
crystal is obtained. It is not clear as to the reasons of why the using of materials 
different in composition as the constituent materials of the photo alignment layers can 
give mono-domain alignment, but it is thought to be based on the difference in the 
interaction between the upper photo alignment layer and the ferroelectric liquid crystal 
and between the lower photo alignment layer and the ferroelectric liquid crystal. 

Further, since the present invention can align the ferroelectric liquid crystal 
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without using the electric field induced technique, the problem in the electric field 
induced technique that alignment disturbance caused by the rising in the temperature 
to the phase transition point or higher is less likely to cause so that the present 
invention shows excellent alignment stability. 

For the reasons described above, the above-mentioned references describing 
inventions related to the electric field induced technique do not suggest the present 
invention. Further, the present invention is not obvious from the above-mentioned 
references describing inventions related to the electric field induced technique. 
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"R2301" (manufactured by Clariant (Japan) KK.) 

In Examples and Comparative Examples of the present specification, "R2301" 
(manufactured by Clariant (Japan) KK) is used as a ferroelectric liquid crystal. 

Thus, documents are submitted to show that "R2301" has no smectic A phase in a 
phase series thereof 

In a document from Clariant (Japan) KK dated April 16, 2002, the following 
characteristics of "R2301" are described: applied wave form for TV measurement (page l); TV 
characteristics for CDRFLC and response time for CDRFLC (page 2); and temperature 
dependence of response time for CDR-FLC (page 3). 

The phase series of "R2301" is not described in the document from Clariant (Japan) 
KK However, in a document from AZ Electronic Materials dated October of 2005, the phase 
series Of "R2301" is described (page 12). 

The company's name for Clariant (Japan) KK was altered to AZ Electronic Materials 

in 2004. 

In the document (pages 1214) from AZ Electronic Materials, the followings, that are 
described in the document from Clariant (Japan) KK are described: applied wave form for TV 
measurement (page l); TV characteristics for CDR-FLC and response time for CDR-FLC (page 
2); and temperature dependence of response time for CDR-FLC (page 3). 

Therefore, it is clear that "R2301" described in the document from AZ Electronic 
Materials is the same as "R2301" described in the document from Clariant (Japan) KK 

The phase series of "R2301" is described in the document (page 12) from AZ Electronic 
Materials as follows-' 

I (Isotropic) 86.8-84.8 CC) Ch* (Cholesteric) 64.7 CC) Sc* (Chiral Smectic C) 

From the above-mentioned description, it is clear that "R2301" has no smectic A phase 
(SmA) in a phase series thereof 



1 



PAGE 13/34 * RCVD AT 12/4/2008 3:32:37 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-3/22 ' ONIS:2738300 ' CSID:312 427 6663 * DURATION <mm-ss):04-56 




PAGE 14/34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/22 * DNIS:273830O * C8ID:312 427 6663 ■ DURATION (mm-ss): 04-56 



12/04/2008 16:37 FAX 312 427 6663 



LADAS & PARRY LLP 



©0015/0034 



o 

I" 

* 

s 

>i 
a. 

s 

"a 

J. 



Transmlttance (%) 



o 
era 
o 



o 



oo 
o 




fD 
"S 
-5 
O 

m— i 

wn 
Xrt 



O 

to 
r+ 



Response time (ms) 



p> p -* 

C> en CD cn o 



Crr 



co co -t*. ^ cr« cn o» 
cd uj b ui b bi b 




PACE 15/34 " RCVD AT 124/2008 5:32:57 PM [Eastern Standard TimeJ * SVR:USPTO-EFXRF-5/22 " ONI&:2738300 • CSID:312 427 8663 * DURATION (mm-ss): 04-56 



12/04/2008 16:37 FAX 312 427 6663 LAD AS & PARRY LLP ©0016/0034 




PAGE 16/34 ■ RCVD AT 12MJ2008 5:32:57 PM [Eastern Standard Time] • SVR:USPTO-EFXRF-S/22 * DNI8:2738300 ■ CSID:312 427 6663 * DURATION (mm-ss):04-56 



12/04/2008 16:37 FAX 312 427 6663 



LADAS & PARRY LLP 



E10017/0034 



§" 
* 

i 

I 
I 



.2 



^3 



2 9+ 

C/5 ^ 



3 

a 

V 

rr 
* 

* 



o 

< 



s 

u 

I 



-4* 

V 



Cl 

ro 

CO 



cn 
O 
ro 



H- 
oi 
< 

© 

o 



»r 



s 

u 
I 

vr 



S4 



03 
CO 



o 



cn 
< 

© 

o 



as 

S 

o 
o 



m 

F7nr 

CO 

o 



cn 
< 

o 

^ 
3 
£J 

s 

o 

i 

CO 

o 

m 
w 

}5& 

CO 

o 
o 



cn 

CXI 



ro 
00 



CD 



O 



CD 



05 



cn 
< 

o 



3 

m 

flja 



00 
ro 



00 



ro 



00 
ro 





o 

TlfD 

m — i 
-5 



n 

*< 

Co 
rt 

cn 



to 



PACE 17/34 • RCVD AT 12M/2008 5:32:57 PM [Eastern Standard Time] - SVR:USPTO-EFXRF-5/22 " DNIS:2738300 " CSID:312427 6663 " DURATION <mm-ss):04-56 



12/04/2008 16:37 FAX 312.427 6663 



LAD AS & PARRY LLP 



©0018/0034 




PAGE 18/34 • RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-S/22 • DNIB:2738300 ■ CSID:312 427 6663 * DURATION (mm-ss):04-56 



12/04/2008 16:38 FAX 312 427 6663 



LAD AS & PARRY LLP 



(2)0019/0034 



I 

3 

3 



I 



3 > 
ON 

ff 

3 o 

Q. <Q 
<D O 



W 73 



O 

s 



73 73 

N) M M 
CO CO CO 

o o o 

s s s 

dfli &\ 
^ Efc 

mi ai a; 

Li** pnr pnr 

H| >5ft j5| 

* S Si 

94 £F »F 
£ ^ lit 



oooooooooo ^ 



o o o 

_ 3 



20 
ro 
co 
o 



V 



o o 

a s 

n -mffft 

SSI rF 



^ * 2 
rv 

limn 

m 



s 



i I — ~ r-\ 

O O O 1? 

a s e 

nsj iBi -£t 

ctj ru nn 



m £t w 
st ^ ^ 
» S » » 15: 



o 

o 
cr. 



CO 

I 

3 

sr 

i— t - 
O" 

3 
o 



3D- ' 

£1 



P 

|I 

3 



PACE 13A34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-S/22 ■ DNIS:2738300 * CSID:31 2 427 6663 " DURATION (mm-ss): 04-56 



12/04/2008 16:38 FAX 312 427 6663 LAD AS & PARRY LLP ®0020/0034 




PACE 20/34 " RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] - SVR:U8PTO-EFXRP-5/22 " DNIS:2738300 " CSID:312 427 6883 » DURATION (mm-ss): 04-56 



12/04/2008 16:38 FAX 312 427 6663 



LADAS & PARRY LLP 



EJ0021/0034 




PAGE 21/34 * RCVD AT 124/2008 5:32:57 PM [Eastern Standard Time] * 8VR:USPTO-EFXRF-5/22 * DNI8: 2738300 * C8ID:312 427 6663 * DURATION (mm-ss): 04-56 



12/04/2008 .16:38 FAX 312 427 6663 



LAD AS & PARRY LLP 



©0022/0034 




PACE 22/34 * RCVD AT 12)4/2008 5:32:57 PM [Eastern Standard Time]* 8VR:USPTO-EFXRF-5/22 * DNI8:2738300 * CSID:312 427 6663 * DURATION <mm-ss):04.S6 



12/04/2008 16:38 FAX 312 427 6663 



LADAS & PARRY LLP 



©0023/0034 




PACE 23/34 " RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time]* SVR:USPTO-eFXRF-5/22 " DNIS: 2738300 * C6ID:312 427 6663 " DURATION <mm-ss): 04-56 



12/04/2008 16:38 FAX 312 427 6663 



LADAS & PARRY LLP 



1210024/0034 




PACE 24/34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time) • SVR:USPTO-EFXRF-5/22 * DNIB: 2738300 * C8ID:312 427 6663 * DURATION (mm-ss):04.56 



12/04/2008 16:38 FAX 312 427 6663 LAD AS & PARRY LLP ®0025/0034 




PACE 25/34 " RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * SVR:USPTO-EPXRF-5/22 * DNIS:2?38300 " CSID:312 427 6663 • DURATION (mm-ss):04-56 



12/04/2008 16:38 FAX 312 427 6663 



LADAS & PARRY LLP 



@J0026/ 




PACE 26/34 * RCVO AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/22 " DNIS:273830O * CSID:312 427 6683 • DURATION (mm-ss): 04-56 



12/04/2008 16:38 FAX 312 427 6663 



LADAS & PARRY LLP 



©0027/0034 




PACE 27/34 " RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] - SVR:USPTO-EFXRF-5/22 " DNIS:2738300 * CSID:312 427 5603 * DURATION (mm-ss): 04-56 



12/04/2008 16:38 FAX 312 427 6663 



LADAS & PARRY LLP 



E10028/0034 




PACE 28/34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time) " SVR:USPTO-EFXRF-5/22 " DNIS:273830O " CSID: 312 427 6683 - DURATION <mm-ss):04-56 



12/04/2008 16:39 FAX 312 427 6663 



LADAS & PARRY LLP 



©0029/0034 




PACE 29/34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] - SVR:USPTO-EFXRF-5S22 * DNIS:273830O " CSID: 312 427 6663 ■ DURATION (mm-ss):04-56 



12/04/2008 16:39 FAX 312 427 6663 



LAD AS & PARRY LLP 



©0030/0034 



Transmrttance (%) 




Co 



PACE 30/34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/22 * DNIS: 2738300 " CSID:312 427 6663 " DURATION (mm-ss): 04-56 



12/04/2008 16:39 FAX 



312 427 6663 



LAD AS & PARRY LLP 



(2)0031/0034 




PAGE 31/34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] » SVR:USPTO-EFXRF-5/22 * DNI8:2738300 * CSID:312 427 6663 * DURATION <mm-ss):04-56 



12/04/2008 16:39 FAX 312 427 6663 



LAD AS & PARRY LLP 



(20032/0034 



a 

s 

v 



pa 



£ 5 



GO 

w 

so 
to 

Q 

vr 

rr 

« 

m 



i+ 

o 

< 

@ 

O 

n: 

s 
.HI 

a 

u 

I 

v 



V 



1+ 

CJI 
< 

® 

o 
X 

isi 

mi 

m 

S 
u 

I 



V 



Ol 

< 

@ 

<7> 
o 
nr 

N 
>«■ 

rm 

TTI 

s 

s 

o 
o 



|7W 



3 

CO 
CD 
O 



< 

© 

a> 
o 

X 

rsi 

?« 

^ 
s 
•hi 

a 

o 

i 

<=> 

HI 

>*» 

C/3 
CD 
O 



M 



2*5 



71 
to 



15 



I- 

si 

n 

n 

If 



Ol 

ro 

CO 



Ol 



CO 



o 

Ol 

01 



<z> 
Ko 
00 



o 



p 

CO 



1 



o » 

5 



Ol 

o 
ro 



co 



PACE 32/34 • RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/22 * ONIS:2738300 * CSID:312 427 6663 - DURATION <mm-ss):04-56 



12/04/2008 16:39 FAX 312 427 6663 



LADAS & PARRY LLP 



El 0033/0034 



s 

5" 
s 

3 



ST 



as 



fl> o 
Q. CO 
<B © 

I g 

s* 



?! 



PS 

-o .2. 
r~ m 



n -V v & 



I 

CO 



I 

at 



V 



«-9 

3 



H 



i I 



ft 




i i i i i 

i t I 



J* 

m 



4 

hi 



>4 



3 



go gc 

ft 

Y H 3 



H 

Mr 
I 

K' 
w 

V 



as 



o 
o 

o 
3 



O 

o 

7J 



O 

S 



PACE 33/34 * RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] * 8VR:USPTO-EFXRF-5/22 * DNI8:2738300 * C8tO:312 427 6663 * DURATION (mm-ss): 04-56 



J.2/04/2008 16:39 FAX 312 427 6663 



LAD AS & PARRY LLP 



12)0034/ 



B 

5 

! 

E» 
3 



BP 

s 

I 



^5 



3 ; 



is 
P 

21 



if 



O 

J* » 
5 



£21 
iff 

3. 



I 



13 
I 



3 GO 



ft i 



o 



r. ^ 

■P o 

3 e 



3 

so 
3. 



so 



9°. e 



S3' 
S 



to £e 

r: s 8 

* sr. 
S Q 

sl'f 
^ I 



O 
§ 



3 & 



O &: £: 



PACE 34/34 ■ RCVD AT 12/4/2008 5:32:57 PM [Eastern Standard Time] - SVR:USPTO-EFXRF-5/22 " DNIS:2738300 " CSID:312 427 6663 " DURATION <mm-ss):04-56 



